Abstract Domestic biofuel combustion is one of the major sources of regional and local air pollution, mainly regarding particulate matter and organic compounds, during winter periods. Mutagenic and carcinogenic activity potentials of the ambient particulate matter have been associated with the fraction of polycyclic aromatic hydrocarbons (PAH) and their oxygenated (OPAH) and nitrogenated (NPAH) derivatives. This study aimed at assessing the mutagenicity potential of the fraction of this polycyclic aromatic compound in particles (PM 10 ) from domestic combustion by using the Ames assays with Salmonella typhimurium TA98 and TA100. Seven biofuels, including four types of pellets and three agro-fuels (olive pit, almond shell and shell of pine nuts), were tested in an automatic pellet stove, and two types of wood (Pinus pinaster, maritime pine, and Eucalyptus globulus, eucalypt) were burned in a traditional wood stove. For this latter appliance, two combustion phases-devolatilisation and flaming/ smouldering-were characterised separately. A direct-acting mutagenic effect for the devolatilisation phase of pine combustion and for both phases of eucalypt combustion was found. Almond shell revealed a weak direct-acting mutagenic effect, while one type of pellets, made of recycled wastes, and pine (devolatilisation) presented a cytotoxic effect towards strain TA100. Compared to the manually fired appliance, the automatic pellet stove promoted lower polyaromatic mutagenic emissions. For this device, only two of the studied biofuels presented a weak mutagenic or cytotoxic potential.
Introduction
Residential biofuel combustion is widely used for heating in many countries during winter, and it is known to be one of the major sources of regional and local air pollution (Bølling et al. 2009; Gonçalves et al., 2011; Canha et al. 2012) , mainly regarding both gaseous and particulate pollutants, polycyclic aromatic hydrocarbons and volatile organic compounds (Alves et al. 2011a Singla et al. 2012) . Enhanced by the typical weather conditions of the cold winters from European countries (such as stagnation), emissions from residential biomass combustion have a higher impact in the surrounding environment promoting, for instance, levels of particulate matter comparable with areas with high traffic (Glasius et al. 2006) . Moreover, these emissions may not have enough time for dilution, chemical oxidation and reaction before the population is exposed to them (Tissari 2008; Responsible editor: Philippe Garrigues Electronic supplementary material The online version of this article (doi:10.1007/s11356-016-6292-2) contains supplementary material, which is available to authorized users. et al. 2015b), which enhances their exposure potential. Even indoor air quality may be affected by outdoor infiltration of wood smoke (Canha et al. 2014 ) enhancing the human exposure.
Several factors influence the emissions from residential wood smoke, such as the combustion appliances (e.g. open fireplace, wood and pellet stoves, masonry heaters, boilers for wood and wood chips and pellets) and their specific characteristics, where a great variability exists regarding the combustion technology and air supply (Bølling et al. 2009 ). Moreover, fuel type (e.g. wood logs, wood chips, pellets or agro-fuels) and condition of the fuel (e.g. moisture content, composition and log size) also influence the efficiency of the combustion (Calvo et al. 2014; Claxton et al. 2004; Claxton and Woodall 2007; Vicente et al. 2015a) . Therefore, the physicochemical properties of particles emitted from residential biomass combustion differ considerably with combustion conditions and between combustion appliances (Vicente et al. 2015b) .
Portugal has an estimated consumption of 2 Mton of wood in residential combustion, whose particulate emissions contribute to around 30 % of the total PM 10 from all sectors of activity . The use of new biofuels made of residues from other activities (such as forestry or furniture industry) for house heating has been promoted in the last years by national authorities (Proforbiomed 2012) .
The organic chemicals associated with airborne particles, especially polycyclic aromatic hydrocarbons (PAHs), have been linked to the mutagenic and carcinogenic activity potentials (Bølling et al. 2009; Kamal et al. 2015; Kim et al. 2013; Naeher et al. 2007; Zelikoff et al 2002) . In 2006, due to the scientific evidence, the International Agency for Research on Cancer (International Agency for Research on Cancer -IARC 2006) classified indoor emissions from household combustion of biomass fuel (mainly wood) as probably carcinogenic to humans (group 2A). Several studies showed that PAH and their derivatives from emissions of domestic cooking and heating are mutagenic, whose potential varies greatly depending on fuels, combustion appliances and extraction methods (Claxton et al. 2004; Claxton and Woodall 2007; Oanh et al. 2002; Vu et al. 2012) .
The Ames assay is a plate incorporation test based on genetically engineered microorganisms, which is widely used as a quick screening tool for detecting mutagens (Claxton et al. 2004; Maron and Ames 1983; Mortelmans and Zeiger 2000) . Two bacterial strains of Salmonella typhimurium-strain TA98 and strain TA100-are used to determine frameshift mutations and base-pair substitution mutations, respectively. Both strains are unable to produce histidine with each one carrying different mutations in various genes in the histidine operon. These mutations act as hot spots for mutagens that cause DNA damage via different mechanisms (Mortelmans and Zeiger 2000) . Reversion of the strains to histidineindependent wild type under the application of a test substance is evidence of its mutagenicity, and moreover, its reversion frequency is usually related to the dose of the mutagen (Mukherji et al. 2002) . Since these bacterial models lack the activating enzymes that are often responsible for conversion of some chemicals to mutagenic species, activating enzymes prepared from rat liver microsomal fractions (S9) may be added to the assay for identifying these indirect acting mutagens (Mukherji et al. 2002) .
The main goal of this study was to evaluate the toxic effect of the fraction of PAHs and their nitrated and oxygenated derivatives (NPAHs and OPAHs) of particles (PM 10 ) from domestic combustion in order to: (i) characterise different biofuels and two typical combustion appliances, usually used in southern European countries, regarding the mutagenicity and, therefore, (ii) identify which fuel poses the least mutagenic risk and, subsequently, should be recommended for domestic use.
Materials and methods

Biomass fuel selection
Typical biofuels used for wood burning to promote household heating in southern European countries were selected. Two types of firewood, Pinus pinaster (maritime pine, which is a softwood) and Eucalyptus globulus (eucalypt, which is a hardwood), were selected since both represent the most prevalent tree species in Portugal, according to the Portuguese National Forestry Inventory (ICNF 2013) and both also have a large market share in the country. These wood types were used for feeding the manual appliance, which was a traditional cast iron wood stove.
Four types of pellets with different compositions were selected for the experiments in the automatic pellet stove. Pellets type I were composed mostly of pine wood and were EN-Plus labelled. Pellets type II were made of a mixture of lignocellulosic residues (75 %) and of dust from the furniture manufacturing industry (25 %). Pellets type III had the same components as pellets type II but in different proportions: 65 % of lignocellulosic residues and 35 % of dust from the furniture manufacturing industry. Pellets type IV were a blend of 50 % of waste woodchips and 50 % of dust from the furniture manufacturing industry.
Three specific agro-fuels were also selected since they represent common agricultural residues in southern European countries, and their use as energy source has been promoted by the national authorities (Proforbiomed 2012). The chosen agro-fuels were olive pit, almond shell and shell of pine nuts, which were also applied to the automatic pellet stove.
A detailed description of these biofuels can be found in Vicente et al. (2015a Vicente et al. ( , 2015b , where characteristics such as elemental composition, ash and moisture content and emission factors are described.
Combustion appliances
Two appliances that are common in southern European countries were used to carry out the combustion experiments: a batch-operated wood stove representing the heating device most widely used by households in Portugal , in which the two types of firewood were burnt, and an automatic pellet stove symbolising the best-selling residential combustion device over the last years in the country, which was used to study the remaining biofuels.
The manually fed wood stove, model Sahara, was supplied by the Portuguese company Solzaima, which has a power output of 9.6-18.2 kW. The top-fed pellet stove, model Alpes, with a nominal output of 9.5 kW, was supplied by the same company.
Both combustion appliances were integrated in a system which was fully monitored regarding combustion parameters. A schematic representation of the experimental installation for both type of appliances can be found in Vicente et al. (2015b) and a fully and detailed description of the combustion facility can be found elsewhere (Calvo et al. 2014; Vicente et al. 2015a,b,c) .
Combustion experiments and PM 10 sampling
The combustion experiments were conducted in order to mimic the user behaviour. Full description of the experimental procedure of the combustion experiments for both combustion appliances can be found in Vicente et al. (2015b) , with extensive characterisation of the operating conditions (e.g. rate of fuel consumption, average values of combustion chamber temperatures, among others). Several experiments were conducted for each type of biomass fuel, ranging from four to nine replicate tests per biofuel in the pellet stove (where the rate of fuel consumption ranged from 0.8 to 1.6 kg h −1
) and three experiments per firewood in the wood stove (with a rate of fuel consumption ranging from 1.5 to 2.3 kg h
−1
). Particulate matter (PM 10 ) was collected in a dilution tunnel (length of 11 m and an internal diameter of 0.20 m) connected to the exhaust stack under isokinetic conditions (Calvo et al. 2014 (Calvo et al. , 2015 Vicente et al. 2015a,b) by a Gent sampler using Teflon membrane filters (47 mm diameter, Pall Corporation) and operating at a flow rate of around 12.4 L min −1 . The dilution tunnel enables the simulation of the rapid cooling and mixture that occurs when the exhaust gases are released into the atmosphere. This procedure promotes the decrease of temperature and the lowering of the vapour pressures of the gaseous species, which affects the gas to particle partitioning, increasing, therefore, the condensation of vapours on particle surface (Vicente et al. 2015b ).
For the combustion experiment in the wood stove, two filters were collected per each experiment. The first filter was left during around 10 min after loading a batch of fuel until the O 2 content in the flue gas started to drop. This period corresponded to the initial heating and wood drying and the initial steps of the devolatilisation without the existence of a visible flame. The second filter was used for the remaining of the combustion cycle, which includes the flaming and smouldering phases. Each filter was analysed separately in order to evaluate both combustion stages.
For each study of a biofuel in the pellet stove, three levels of power output were evaluated, in order to evaluate the different behaviours by users. In each case, filters were sampled during around 1 hour under steady state conditions, which were evaluated by continuous monitoring of the flue gas composition.
For each type of combustion appliance, one blank sample of the combustion system was collected during the non-operating period.
Analysis of polycyclic aromatic compounds
The extraction of the fraction of polycyclic aromatic compounds (PACs) of the PM 10 from the different biofuels and respective analysis is fully described elsewhere (Alves et al. 2011b; Vicente et al. 2015b) . Table 1 displays the list of compounds that were quantified in samples, which includes 26 parent and alkyl-PAHs, 15 OPAHs (oxygenated-PAHs), 4 AZAs (azaarenes) and 15 NPAHs (nitrated PAHs). The filter samples from the combustion of biofuels in a wood stove were not extracted integrally as the filter samples from the combustion of biofuels in a pellet stove. The fractions of the filter samples that were extracted for these samples were 85 % of filter area of pine (devolatilisation phase) and 90 % of the filter area of the remaining samples (both combustion phases of eucalypt and flaming/smouldering phase of pine). The analytical procedures for the determination of the target compounds were described in detail by Bandowe and Wilcke (2010) and Bandowe et al. (2014) . Briefly, the filters were spiked with deutered internal standards and extracted by pressurised liquid extraction with an accelerated solvent extractor. After concentration, the extracts were fractionated in a silica gel column using solvents of increasing polarity. Target compounds in the concentrated extracts were analysed by gas chromatographymass spectrometry (GC-MS). Afterwards, the dried PAC extracts from each combustion experiment were dissolved in 1.6 mL of DMSO. Dilutions of these extracts were tested in the Ames assays.
Mutagenicity testing method
The total PAH extracts from each combustion experiment were tested for mutagenicity performing the Ames assay with S. typhimurium TA98 and TA100 strains, with and without metabolic activation by the S9 fraction (Trinova Biochem GmbH, Giessen, Germany) to assess the direct and indirectacting, frameshift and base-pair substitution mutagens.
Since the sample volume available for analysis was limited (only 1.6 mL), each sample was tested at its maximum concentration and, when results were not conclusive, the sample was tested in series of four to five doses (using geometric progressions) within the range of minimum and maximum concentration, in order to investigate a concentration-dose response. Three replicates were always performed for each analysed dose.
The test was performed in plates containing two distinct layers of agar: 25 mL of the bottom agar (glucose minimal agar) to provide support media and 2 mL of top agar to deliver the extract concentration, the S9 mix (in assays with S9) or buffer (in assays without S9) and the tester strain to the bottom agar. All reagents were prepared according to Maron and Ames (1983) and Mortelmans and Zeiger (2000) .
The tester strain was pre-incubated overnight in Oxoid nutrient Broth number 2 (Oxoid, England). The rat liver microsomal fractions for metabolic activation S9 was obtained in lyophilised form, purchased from Trinova Biochem GmbH. In each test, a negative control consisting of sterilised water blank (50 μL/plate) was included to determine the spontaneous revertants. A second negative control using DMSO solvent was included in all the tester strains in order to determine as well the spontaneous revertants.
In addition, a positive control consisting of known mutagens was used to confirm the reversion properties and specificities of each strain, activity of the S9 mix and other components presented in the assay. For experiments without S9, 2-nitrofluorene (10 μg/plate) and sodium azide (10 μg/plate) were used in positive controls for test with S. typhimurium TA98 and TA100, respectively. For assays with the inclusion of S9, 2-aminoanthracene (10 μg/plate) was used in positive control for both bacterial strains, TA98 and TA100. The plates were incubated at 37°C, for 48 h, and subsequently, the number of revertant colonies formed in each plate was counted.
Statistical analysis
Normality of data was assessed by Shapiro-Wilk test. The homoscedasticity of variances was tested by the Bartlett test. The evaluation of outliers within the dataset was conducted by applying the Grubbs test, which is recommended by ISO 5725-2 (International Standards ISO Guide 5725-2 1994). When suspicions arouse about the potential toxicity/mutagenicity of some extracts, one-way analysis of variance (ANOVA) followed by the multiple comparison Dunnett test were performed to check for a significant difference in the number of revertant colonies on plates in comparison with the negative control. A level of significance of α = 0.05 was used to reject the null hypothesis. Statistical analyses were conducted using software XLSTAT version 2014.5.03. Regression analyses, using the same software, were performed, when an apparent doserelated increase was recorded, to check for significant mutagenic effect.
A mutagenic effect was considered existent (i) when a dose-related significant increase in the number of revertant colonies was observed or (ii) when the average number of revertant colonies in the plates was two times greater than those recorded in the negative control plates (Mortelmans and Zeiger 2000) . According to the OECD guidelines (1997), this last criterion is sufficient to assume mutagenic potential, even without a dose-effect relationship.
Results
A full description of the PAC contents is described by Vicente et al. (2015b) , where the emission factors per compound, along with the full speciation of the PAC fractions for each studied biofuel, were presented. Figure 1 presents the overall emission factors of each studied PAC fraction, showing a great variability within biofuels and combustion appliances.
The emissions of PACs for the pellet stove ranged from 137 (pellet type III) to 835 (shell of pine nuts) μg kg −1 of fuel burned, while the emissions from wood stove ranged from 659 (eucalypt, flaming + smouldering) to 38,813 (pine, devolatilisation) μg kg −1 of fuel burned. The phase of devolatilisation showed the highest PAC emissions for both types of woods in the wood stove, although softwood emissions have been around eight times higher than those from hardwood. The combustion of conifer logs is characterised by higher burning rates, which promotes very hot flames and short and local drop of oxygen concentration, resulting in high emissions of PACs (Vicente et al. 2015b) , as seen in this work. Table 2 shows the highest mass of PACs in the extract of each biofuel that was tested by the Ames assay.
The number of the revertant colonies obtained from the mutagenic tests applied to PAC extracts of PM 10 emitted in the combustion of the different biofuels in the two combustion appliances are presented in Tables S1, S2, S3 and S4 of Supplementary Information.
In some cases, more than one Ames assay was performed for the same sample due to initial high scattered results. Therefore, results were normalised regarding the respective negative controls, and mean ratios (number of revertant colonies of sample/number of revertant colonies of negative control, which is also called mutagenicity ratio (MR)) were calculated for each sample, which are presented in Table 3 . When significant difference between the number of revertant colonies of the sample and the number of revertant colonies of the negative control in a specific Ames assay was found, mean ratios of all assays of that sample are shown. The assays with statistical differences are indicated in bold (Table 3) .
A first evaluation of the results of the Ames assay testing the maximum concentrations of the PAC extracts regarding the strain TA98 in absence of S9 mixture pointed out four samples with ratios above 1.4, however still below 2 (twofold principle of mutagenicity confirmation), namely al m on d s he l l , e uc al y pt ( bo t h p ha s e s ) a nd pi n e (devolatilisation). In these cases and when the standard deviation was high, a repetition of the Ames assay was conducted. When enough sample volume was available, the concentration-dose response for the samples was studied. For the second assay of the eucalypt samples (for devolatilisation and smouldering/flaming phases), ratios above 2 were obtained (both significantly different from the negative control, by an ANOVA followed by a Dunnet test), which confirms the mutagenic effect of these samples towards the strain TA98.
The concentration-dose response for the samples from the combustion of almond shell and the devolatilisation phase of pine was evaluated (Table S5 in Supplementary Information supplies the raw results). Only the sample from the coniferous wood presented a significant dose-related increase in the number of revertant colonies (R 2 = 0.309, p value 0.007). Although almond shell did not complied with any requirements to confirm its direct mutagenicity towards TA98 (ratio of revertant colonies of sample/negative control of 2 or significant regression between concentration of PAHs and number of revertant colonies), the ratio of 1.5 ± 0.5 may suggest a mutagenicity effect.
Two samples presented cytotoxic effects towards TA100, namely pellets type IV and pine (devolatilisation) with a significant decrease of 30 and 25 % of the revertant colonies, comparatively to the negative control. The concentration-dose response of pellets type IV was evaluated (Table S6 in Supplementary Information supplies the raw results), but no significant dose-related decrease was found.
Regarding the indirect-acting mutagenic effect towards the strain TA98 (assay with S9 mix), the combustion phase of devolatilisation for both samples of pine and eucalypt presented similar ratios (between 1.3 and 1.4). For the strain TA100, samples of eucalypt (devolatilisation) and pine (smouldering + flaming) also presented ratios around 1.4. However, the existence of mutagenic activity of these samples towards both strains could not be confirmed.
Discussion
Three of the studied samples had emissions with mutagenic activity in Ames assay with S. typhimurium TA98, namely eucalypt (both phases of combustion) and pine during the devolatilisation phase. Almond shell showed a potential mutagenic effect, which was not confirmed latter. Therefore, these results show the direct-acting mutagenicity of the studied extracts, suggesting a shift mutation mechanism in the induction of the mutagenicity (Mortelmans and Zeiger 2000) . Moreover, it is important to highlight that the PAC extracts that were evaluated for the existence of a mutagenic potential were diluted, which means that samples presenting a high ratio, although below 2 and not significant (such as samples from almond shell combustion or from the devolatilisation phase of pine in TA98 assays), may present a mutagenic effect for their original concentrations in the extracts.
Pellets type IV and pine (devolatilisation phase) have shown a cytotoxic effect towards strain TA100, since significant lower number of revertants on the plates were found when comparing with the negative control plates. The cytotoxic effect was registered at the highest PAC masses for both samples, namely 238 and 796 ng for pellets type IV and pine extracts, respectively. The toxicity restrained the growth of bacteria, which may mask the mutagenicity of the samples. Vu et al. (2012) also found similar toxic effect of pine wood combustion using a fireplace (cold start) towards the strain TA98 with metabolic activation (PAHs mass of 115 ng) and using a wood stove (hot start) towards the strain TA100, also with metabolic activation (PAHs mass of 474 ng), which Fig. 1 Emission factors of the studied fractions of polycyclic aromatic compounds (PAC) of the different biofuels, micrograms per kilogram of biofuel burned (dry basis) (Vicente et al. 2015b) , burned in an automatic pellet stove (top) and in a wood stove (bottom) indicates that the cytotoxic effect is due to the metabolisation products of the PAC in the studied extracts. However, the present study suggests a direct-acting cytotoxic effect of pine wood towards only the strain TA100. As seen above, from the studied biofuels in the automatic pellet stove, only pellets type IV (produced with 50 % of residues from furniture industry) showed a direct-acting cytotoxic effect towards the strain TA100. Vu et al. (2012) also found that briquettes, which were made of wastes from forest cleaning activities and/or from local wood processing industries, presented a cytotoxic effect, but only regarding strain TA98 with metabolic activation.
For all the above samples with direct-acting mutagenic or cytotoxic effect, when S9 was introduced into the studied strains, the previous effect disappeared. This indicates, for instance, that the samples containing direct-acting frameshift mutagens lost their mutagenicity after being metabolised by the enzymes from S9 liver fraction. This fact was also observed by Vu et al. (2012) , with all studied samples losing their mutagenic effect after addiction of S9 fraction to the strains, as well by Oanh et al. (2002) , who reported a decrease of mutagenicity of the organic extract from wood combustion when metabolic activation was added.
The mutagenicity of PAC extracts is greatly associated with moderately and highly polar classes of compounds, which tend to contain nitroaromatic compounds, aromatic amines and aromatic ketones (Claxton et al. 2004 ). The addition of S9 liver fraction is known to promote a decrease of the mutagenicity of more polar fractions, which is typical for compounds such as nitroarenes (Barale et al. 1994) . In our study, the three samples that showed directacting mutagenicity regarding the strain TA98 lost their effect when metabolic activation was added. This might indicate that the polar fraction of these samples greatly contributed to their direct-acting mutagenicity. All three mutagenic samples assessed in this study were from wood stove, and all of them had the highest AZAs mass content within the samples studied in this appliance, namely 1695, 205 and 138 ng of AZAs compounds for, respectively, eucalypt (devolatilisation phase), eucalypt (smouldering/ flaming phase) and pine (devolatilisation phase). For the pellet stove, almond shell was the only biofuel that showed a weak direct-acting mutagenic effect, being as well the sample with the highest AZA content within the studied biofuels (ranging from 67 ng from olive pit to 188 ng of almond shell) in this combustion appliance. All the four AZA compounds assessed in this study have shown to have mutagenic effect in Ames assay in previous works (Bleeker et al. 2002) .
The PAC extracts of emissions from the wood stove were about 4-to 18-fold higher than those from the pellet stove, with the highest aromatic content for both type of woods registered during the start-up combustion phase, which lasts only around 10 min (Vicente et al. 2015b ). In the pellet stove, within the biofuels studied, all three agrofuels showed higher PAC masses in the extracts than the four types of pellets.
No correlations between the assessed mutagenicity of the extracts and their PAC concentrations was found, which might indicate that the mixture also contained aromatics that were not determined in this work and may have direct-acting mutagenic properties. 1.09 ± 0.14 3 0.81 ± 0.08 3 1.25 ± 0.17 3 1.39 ± 0.12 3 n number of replicates, italicized numbers significant differences by one-way ANOVA followed by a Dunnet test (p < 0.05)
Due to the small volume available per sample and its maximum PAC masses (ranging from 222 ng/plate for pellets type III to 796 ng/plate for samples from the devolatilisation phase of pine), it was not possible to perform further experiments. According to the OECD guidelines (1997), the recommended maximum test concentration in Ames assay is 5 mg/plate, which is higher than the concentrations of this work. Therefore, further evaluation should be conducted to assess the mutagenicity of these types of PAC extracts in higher concentrations to better simulate the real human exposure to biomass burning emissions due to their usual continuous and cumulative exposure in specific periods of the year, such as winter.
Conclusions
The present study evaluated the mutagenicity of PM 10 emissions from the combustion of different biofuels in two specific combustion appliances commonly used in southern European countries.
PM 10 emissions from wood stove presented the highest mass fractions of PACs than the pellet stove, for both types of studied wood (eucalypt and pine). The start-up phase of the combustion (devolatilisation) revealed much higher PAC contents than the remaining combustion process. PM 10 released during the devolatilisation step, for both woods, have shown a direct-acting mutagenic effect through a shift mutation mechanism. A similar mutagenic effect was also registered for PM 10 emitted during the following flaming and smouldering stages of eucalypt combustion.
The automatic pellet stove promoted lower PAC fractions in PM 10 emissions, and no strong mutagenic effect was found for any of the studied biofuels. However, pellets made with a 50 % incorporation of industrial residues showed a directacting cytotoxic effect towards the strain TA100. A similar behaviour was found for the devolatilisation phase of pine combustion. From the new agro-fuels used in the pellet stove, almond shell presented a weak direct-acting mutagenic effect through a shift mutation mechanism.
This study provides information regarding the mutagenic potential of different biofuels for residential heating available on national southern European markets, where some have shown a strong or weak mutagenic effect, along with some cytotoxic effects. Therefore, these results may be useful for recommendations for policy makers, households and end users when choosing their combustion-based domestic heating systems and which biofuel to select, taking into account its mutagenic risk. Emission requirements for the ecolabelling or certification of small-scale combustion appliances must be mandatory in all countries. The market of firewood sales should be regulated, and all pellets sold at the market must have quality certification.
